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A Note to Online Viewers of these 
Lecture Notes 

These notes were created to accompany an actual real life lecture.  
Although I am sure I did not remember to state everything that I 
wanted to point out in the lecture , each slide was augmented by a 
dialogue that gave context.  In essence, “ya shudda been there”. 
However, the online availability of the ENC tutorial sessions is a 
worthwhile pursuit and I trust that these notes will be useful even 
without the context of the lecture. 



Some Resources 

• J.H. Van Vleck, “Electric and Magnetic Susceptibilities”. 

• J.D. Jackson,  “Classical Electrodynamics”. 

• Melvin Schwartz, “Principles of Electrodynamics”. 

• R.P. Feynman “Lectures on Physics”. 

• David Doty, G. Entzminger, Y. Yang, Magnetism in High 
Resolution NMR Parts I & II. Concepts in Magnetic Resonance. 

• Dave Vander Hart, “Magnetic Susceptibility in High Resolution 
NMR.  Encyclopedia of  Magnetic Resonance”. 

• H.B.G. Casimir,  “Magnetism and Very Low Temperatures”. 

• N.W. Ashcroft and N.D. Mermin, “Solid State Physics”.  

• C. Kittel, “Introduction to Solid State Physics”. 





M is the result of a collection of Magnetic Dipole Moments 



“Experimental Pulse NMR: 
A Nuts and Bolts Approach” 

Fukushima and Roeder 

“Principles of Electrodynamics” 
Melvin Schwartz 

Some Philosophy Regarding  B vs. H 

As we will see later, there is a physical reason why one can use either field in NMR 





Quantum Origins of Magnetism 

• Intrinsic Moments (Currents) of Particles  
M=C(B/T)      Curie Langevin 

• Induced Electronic Currents in Atoms and 
Molecules 

• Chemical Shift and Molecular Susceptibility 

• Landau Diamagnetism and Pauli Para- 
magnetism in Metals 

  Classical Theory Predicts Zero Magnetic Effects  
(Bohr - van Leeuwen Theorem) 



There is a very close  
Connection between  
Chemical shift and  
Magnetic susceptibility. 



Susceptibility Matching 

• Eliminate magnetic perturbations from the 
NMR sample vicinity. 

• NMR Coil and Sample 

• Increasing challenges as Magnetic Fields 
increase ( 1 GHz). 

• Background Signals 

• Maintain Sensitivity 



Matching susceptibilities is similar to matching the index of refraction. 





NMR Sample Plugs 

Shigemi Tube : Matched to Water 



FC-43 as plugs in 3 mm NMR tubes 
H.C. Jarrell  JMR 198, 204 (2009) 









600 MHz Lineshape  “Air Shimmed”  VS Nitrogen 



Alderman-Grant Resonator 

Composed of a tri-layer foil 
M1-M2-M1 



600 MHz Lineshape VS Layer Matching 



Fine Structure at “Exact Match” 



Magnetic Field Dynamics in MR systems 
N. De Zanche et. al. MRM 60,176 (2008) 



P. Sipila et. al.  Sensors and Actuators A145, 139 (2008) 



Yes, More Theory is  
Coming Up! 





Thinking about magnetized cylinders is similar to thinking about RF Coils! 





The Lorentz Cavity is constructed to separate long range from short range contributions. 
For isotropic environments the short range effects average to zero. 



Proper treatment of boundaries : Consider all surfaces ! 



The B Field VS the H Field in NMR 

The simple calculation above illustrates that as a result of the Lorentz cavity correction, 
 one can use either B or H in NMR .  If one uses B, then the Lorentz correction is  - 8π/3.  If 
one uses H, the correction is  +4π/3.  
 
In the older literature, the use of H, with the correct correction, was prevalent.   More 
recently, the B field was adopted.  It could very well be, that one used H and meant B, or B 
and meant H.  One can find out what they really meant by looking at the Lorentz correction, 
if one was used.   If one was not, then the assumption was the spins were in a vacuum and of 
course in that case B=H. 



C. Boesch et. al.  MRM 37,484 (97) 
S.K. Chu   et. al.  MRM 13,239 (90) 



Zimmerman and Foster  J. Phys. Chem. 61,282  (1957) 



P. Diehl et. al.  Mol. Cryst. Liq. Cryst.  87, 319 (1982) 



H. Cho et. al. JMR 88,198 (2009) 



Solid State NMR Example 
Chemical Shift Tensors for 

Biphenyl 

Spherical Single Crystal 

 

Detailed Analysis of 
Intermolecular 
contributions to the 
Chemical Shift Tensor 

 

Frank Schonborn et. al. 

JMR. 175, 52 (2005). 
 



HR-MAS 
Spinning Inhomogeneous Samples at the Magic Angle 

• Isotropic Susceptibility 

• Concentration Gradients 

• Cell Suspensions 

• Polymer Bead Synthesis, Seeds, etc. 

• Rotate the Sample…….OR…… 

• Rotate the Magnetic Field! 



Short Cylinder Field Profiles 



Robert Wind’s proposal for Magic Angle Mouse Spinning 



Varian Engineers attempt isotropic averaging of the speaker in 1998! 
( I lasted about 10 seconds) 



Magic Angle Rotating Magnetic Field (MARF) 
Schlueter and Budinger 

Dimitris Sakellariou, et. al. 
 

Rather than Rotating the Sample, One could Rotate the Magnet! 



A Difficult Shimming Problem in MRI 
 



Here is a very early 
Publication on 
“susceptibility 
imaging”.  
Currently this is 
pursued via the 
use of Fourier 
Transforms.  
However, the 
inversion 
instabilities still 
plague the 
method. 



The Fourier Transform Solution 
R. Salomir et.al. Concepts in Magnetic Resonance 19B,26(2003). 

J.P. Marques, R. Bowtell ,  Concepts 25B,65 (2004). 

G. Deville et.al. Phys. Rev. B19,5666 (1979). 

 

Applications to MRI: Susceptibility Weighted Imaging (SWI) 

 

Y.N. Cheng et. al. Phys. Med. Biol. 54, 1169 (2009) 

K.M. Koch et. al. Phys. Med. Biol. 51, 6381 (2006) 

K. Shumueli et. al. MRM. 62, 1510 (2009) 

 

 There are some truly torturous derivations of the method in the literature.  Here is a more  
direct approach. 







Here is a recent effort on the use of the Fourier Inversion 



Although the method suffers from numerical instabilities, it appears promising 
for getting at local variations in susceptibility. 



A Dedication  
 I want to dedicate this talk to my undergraduate adviser , Paul L. Corio, 

pictured on the right with the speaker in 1972.  Some of you may be 
familiar with his classic book on high resolution NMR. 


